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large quant i t ies  of coal w i t h  spec i f ic  physical 
Metallurgical coke, necessary i n  the production of "hot metal" i n  the conven- 

t ional  b l a s t  furnace, requi res  
propert ies .  These coals a r e  expensive because of their r e l a t i v e  s c a r c i t y  i n  
comparison w i t h  non- o r  marginally coking coal .  
pract ice ,  the world over ,  has u t i l i z e d  minimum amounts of premium coals by blending 
coals  with d i f f e r f y t  propert ies  t o  produce a mix tha t  will give an acceptably strong 
and porous coke. In  some areas  of the world, Japan f o r  e p y p l e ,  as  many a s  15 
d i f f e r e n t  coals may be blended t o  provide a n  acceptable mix. 
purchased i n  Canada, Austral ia  and the United S ta tes  and only small quant i t ies  of 
Japanese coals a r e  used because of t h e i r  marginal coking q u a l i t y .  
United S ta tes  requires  the  use of  minimum quant i t ies  of premium coals and maximum 
use of marginally coking coals .  

As an example of the  U.S. s i tua t ion ,  U.S. S t e e l ' s  Geneva Works, near Provo, 
U t a h ,  uses a blend of t h r e e  coals  t o  produce coke w i t h  a s t a b i l i t y  f a c t o r  (percentage 
of the or iginal  coke remaining a t  a preselected screen s i z e ,  following a fixed 
tumbling sequence) t h a t  i s  known to be required f o r  i ron  production w i t h  a fixed b las t  
furnace ore, limestone and coke feed. Captive coal from U.S. S t e e l ' s  Geneva, Utah, 
and Somerset, Colo., mines (nearly equivalent i n  coking proper t ies )  a r e  blended w i t h  
20% to  30% o f  coal from the Mid-Continent Coal & Coke Co. mine a t  Coal Basin, Colo. 
The Geneva and Somerset coals a r e  high v o l a t i l e  bituminous i n  rank,  w i t h  very low 
f l u i d i t y  (1-5 d ia l  d iv is ions  per minute i n  a Gr is le r  Plastometer) and  only minimum 
coking character  as  evidenced by a Free-Swelling Index of no more than 1 .  The Coal 
Basin coal i s  a medium v o l a t i l e  bituminous material w i t h  p l a s t i c i t y  of more than 
20,000 d ia l  divis ions per  minute and a Free-Swelling Index of 3 o r  4 .  

using coal l iquefact ion char residues as  a blending material w i t h  marginally coking 
coals  to enhance the desired propert ies  of the resu l t ing  coke. 

For many years b l a s t  furnace 

These coals a r e  

Pract ice  i n  the 

The present study i s  a laboratory sca le  examination of the poss ib i l i ty  of  

Ex perimenta 1 

Standard blends of U.S. S tee l ,  Geneva, Utah, coal and Mid-Continent Coal & Coke 
Co., Coal Basin coal were used a s  the base case for comparison w i t h  cokes produced 
using Geneva coal with added amounts of residual ch r 
of Utah's entrained-flow coal l iquefact ion reactor.?3? Proximate and u l  timate 
analyses of the re ference  coals and the tes ted chars a r e  shown i n  Table 1 and 2.  
The hydrogenation reac tor  conditions, as  well a s  per t inent  information w i t h  respect  
t o  the production of chars  a r e  included i n  Table 3. Propert ies  of r e s u l t a n t  cokes 
tes ted  were Free-Swell ing  Index, s t rength,  C02 burnoff r a t e  and combustion tempera- 
t u r e .  Because only small quant i t ies  of char a r e  ava i lab le  i t  was not possible  t o  
make s t rength or  s t a b i l i t y  t e s t s  a t  the s c a l e  ord inar i ly  required. Free-Swelling 
Index measurements w r made o n  coke buttons resu l t ing  from ASTM t e s t  D720 applied 
to  coals and blends.74T Strength comparisons were made by measuring the pressure in 
pounds required t o  break the coke buttons produced i n  ASTM test 0720, a dead w e i g h t  
gage was used f o r  th i s  measurement. Since this t e s t  was performed a t  such a small 
s c a l e  the resu l t s  can be  considered t o  be q u a l i t a t i v e  i n  nature and large-scale  tes t s  
would be required f o r  ac tua l  extrapolat ion t o  b l a s t  furnace operation. 

Carbon dioxide burnoff r a t e s  were measured by heating coke samples (1 gram) a t  

produced i n  the University 
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900’ C i n  a flowing stream of C02 f o r  1 hour(5) .  
the gas by passing i t  over a bed of h o t  copper turnings. 
were measured by heating a 1-gram coke sample i n  a stream of oxyge 
temperature a t  which a sudden increase in  temperature was observed167. 

an e f f o r t  t o  improve the confidence in the f i n a l  answer. 

Traces of oxygen were removed from 
The combustion temperatures 

nd noting the 

For each of the measurements made, a s e r i e s  of  3 to  6 rep l ica tes  were made i n  

Results and Discussion \ 

The or iginal  impetus f o r  this study followed observation t h a t  some coal l ique-  
fac t ion  chars show extreme swelling in  the standard v o l a t i l e  matter t e s t  (ASTM Test 
0-3175-77). Some of these chars swell s u f f i c i e n t l y  to f i l l  the e n t i r e  c ruc ib le  and 
t h u s  indicate  high f l u i d i t y  i n  the p l a s t i c  temperature zone. Figure 1 shows the Free- 
Swelling Index (FSI) of a var ie ty  o f  residual  coal hydrogenation l iquefact ion chars 
as  a function of the conversion leve l .  These measurements were made with a s i n g l e  
s t a r t i n g  coal ,  Clear Creek, Utah, from Island Creek Coal Co.’s Utah #2 mine. The 
indicat ion i s  tha t  higher conversion leads to  higher FSI numbers. Obviously, this 
function must peak out  and descend with very h i g h  conversion when the remaining organic 
matter i s  insuf f ic ien t  to provide f l u i d i t y .  However, i n  the 60- to  80%-conversion 
range the FSI numbers approach those of acceptable  blending coals .  

chars  with Geneva Coal. R-71 and R-85 chars were produced from t h e  same s t a r t i n g  
coal .  
while R-85 represents a conversion of 25%. The lower conversion char does not a f f e c t  
the FSI while the high conversion char produces the same change i n  FSI and as  does the 
addi t ion of the accepted blending coa l .  I f  FSI were the only c r i t e r i o n  required f o r  
blending material then R-71 would make a good s u b s t i t u t e  f o r  Coal Basin coal in  the  
Geneva coke s t a r t i n g  mater ia l .  

In Figure 3 a r e  shown the pressures required to  break the coke buttons prepared 
i n  the FSI t e s t s .  In t h i s  case the low conversion char (R-85) produces coke buttons 
t h a t  a r e  harder than those produced by the reference coa l .  The h i g h  conversion char 
(R-71) produces coke buttons t h a t  a r e  weaker. I t  i s  tempting to say t h a t  a high 
conversion char should be added f o r  increasing the p l a s t i c i t y  of the blend and t h a t  
a low conversion char should be added f o r  s t rength .  However, these t e s t s  a r e  y e t  to 
be performed. 

Table 4 contains the C02 burnoff ra tes  of cokes produced a t  70, 80 and 90% Gen- 
eva coal concentration f o r  the reference coal and the two chars .  The low conversion 
char approximates the standard blend i n  burnoff r a t e  a t  70% b u t  i s  higher a t  80 and 
90%. 

I Figure 2 shows the e f f e c t  o n  FSI of blending Coal Basin coal and two d i f f e r e n t  

R-71 represents a conversion o f  75% o f  the coal matter to l iqu ids  and gases 

The high conversion char i s  higher i n  burnoff r a t e  a t  a l l  concentrations. 

Table 5 contains a s imi la r  comparison f o r  combustion temperatures. A t  70% 
concentration of Geneva coal the standard addi t ive  i s  considerably b e t t e r  ( has a 

A t  80 and 90% the  low conversion char has no 
advantage b u t  the h i g h  conversion char i s  a t  least  equal to  the standard addi t ive .  

ash mater ia ls  to  the product coke. This i s  not des i rab le  because of the additional 
s lag  produced i n  the  b l a s t  furnace as well as  the addi t ional  heat  required from the 
coke t o  melt the s lag  produced by the ash. Considering the material of this study, 
a 20%-addition of Coal Basin coal would  increase the ash  from 5.0 to  5.3%. A 20%- 
addi t ion of R-71 (22.1% ash)  would increase t h i s  from 5.0 to 8.4%. 

production of metallurgical coke is t h a t  ZnC12 was used as  a c a t a l y s t  i n  the 
hydrogenation-liquefaction procedure. 

I higher combustion temperature). 

Addition of a high conversion char such as  R-71 would r e s u l t  i n  addi t ion  of 

A formidable problem w i t h  the  addi t ion o f  these par t icu lar  chars t o  coals f o r  

Zinc i s  a very troublesome element 
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if present  i n  b l a s t  f u rnace  feed  m a t e r i a l s .  
p o r t i o n  o f  t he  b l a s t  furnace,  the meta l  i s  v o l a t i l i z e d  t o  the c o o l e r  p o r t i o n s  
o f  the upper area o f  t h e  furnace.  
passageways such t h a t  t h e  f l o w  o f  gases may be s e r i o u s l y  r e s t r i c t e d .  
a l s o  tends t o  r e a c t  c h e m i c a l l y  w i t h  A1203 i n  the f i r e b r i c k  l i n i n g  o f  t he  furnace. 
This  causes expansion and s p a l l i n g  o f  t h e  b r i c k  surface. Ch lo r ine  i s  l i k e w i s e  a 
undesi rab le component of b l a s t  furnace m a t e r i a l s  because o f  i t s  c o r r o s i v e  e f f e c t I 7 ) .  

con ten t  o f  t h e  h igh  convers ion  char  (R-71). 
t h e  ZnC12 equ iva len t  c o n c e n t r a t i o n  t o  0.3% o r  0.15% Zn. 
t h e  coal b lend t h i s  would c o n s t i t u t e  

I t s  compounds a r e  reduced i n  the  ho t  

It tends t o  condense as ZnO and b locks  smal l  
The o x i d e  

The data of Table 6 show the  e f f e c t  o f  success ive l each ing  steps on  t h e  z inc 
Seven leaches w i t h  HC1 w i l l  reduce 

As a 20% component o f  
o n l y  0.03% Zn and would be q u i t e  acceptable. 

I t  i s  apparent  t h a t  some coal  l i q u e f a c t i o n  chars do possess phys i ca l  and 
chemical c h a r a c t e r i s t i c s  t h a t  would be  d e s i r a b l e  i n  coa l  blends used f o r  t h e  
p roduc t i on  of m e t a l l u r g i c a l  grade coke. These a r e  f l u i d i t y ,  s t r e n g t h  and combustion 
temperature. 
used i n  t h i s  s tudy.  

The CO2 b u r n o f f  r a t e  was n o t  improved by the a d d i t i o n  o f  t he  chars 
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Tab le  1.  - Proximate a n a l y s i s  o f  c o a l s  and chars 

% H20 % Ash % V o l a t i l e  ma t te r  % F i xed  carbon 

Coal Basin, Colo. 1.1 6.5 24.0 68.4 

R-85 2.7 8.4 39.6 49.3 

Geneva, Utah 3.2 5.0 39.6 52.2 
R-71 2.4 22.1 24.8 50.7 
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TABLE 2. - U1 timate analysis  of coals and chars 

% C  % H  % N  % S  % O  % Z n  

Coal Basin, Colorado 84.3 5.0 2.1 0.7 1.4 -- 
R-71 Clear Creek, Utah 49.2 3.7 1.8 .4 6.8 16.0 

R-85 Clear Creek, Utah 72.8 5.4 1.8 . 7  4.9 6.0 

Geneva, U t a h  72.0 5.0 1.7 .7 15.6 -- 
coal char 

coal char 

TABLE 3 .  - Hydrogenation conditions and product descr ipt ion fo r  

study . 
Clear Creek, Utah coal chars used i n  t h i s  

R-71 R-85 

Coal sample weight, grams 
Weight ZnC12 grams 
Weight ash, grams 
Total sample, grams 
P a r t i c l e  s i z e ,  mesh 
Temperature, ' C 
Pressure, H 
Reactor length,  f t  
Average residence time 
% Solids ( a f t e r  toluene 
% Liquids produced 
% gases 
% Conversion 

xtrac i 

852.3 
57.1 
90.6 

1,000 
-1 00+200 

493 
1,800 psi 
66 
50 sec 

n) 24.3 
71.9 

3.8 
75.7 

626.6 
41.6 
59.8 

728 
-200 
493 

1,800 psi 
86 
10 sec 
74.1 
19.4 

6.5 
25.9 

TABLE 4. - COP burnoff r a t e  of coal-char blends 

% Geneva coal 70 80 90 
mg/g/min mg/g/min mg/g/min 

Coal Basin Coal 3.25 4.33 5.00 
R-85 2.97 5.75 6.31 
R-71 4.70 4.80 8.67 

TABLE 5. - Combustion temperatures of coal char 
blends, O C 

% Geneva Coal 70 80 90 

Coal Basin Coal 687 660 61 1 
R-85 649 603 594 
R-71 647 670 654 

367 



TABLE 6.  - Effec t  of Zn removal from char on FSI 
Char R-71 16.0% ZnC12 content 

%ZnC1 FS I No. of Conci 
HC1 leaches 

11.5 5.5 
8.6 5.5 
5.6 5.5 
3.5 
1.9 
0.5 

5 
5 
4 

0.3 4 

* Each leach 1 hour a t  boiling temperature (12 m HC1) 
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Percent Conversion t o  Gases p l u s  L i a u i d s  

F igu re  1. C a p i c i t y  Hydrogenation Chars vs.  Conversion Leve l .  

0 R-71 char  
0 Coal Basin coa l  

R-85 char  

0 0 0  

Percent  U.S. Steel  Geneva Coal i n  Blend 

F igu re  2 .  Swe l l i nn  Capaci ty  o f  Coal B len i ls .  
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Figure 3 .  Breaking Pressure i n  Pounds f o r  Volat i le  Platter 
T e s t  Button. 
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